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In the past year, we have made considerable progress in pursuing
the specific aims of our proposal. We have investigated interaction
of HIV with monocyte-macrophages. We have successfully identified
responsive elements in the long terminal repeat (LPR) of HIV which
interact with steroid hormone receptors that function as transcription
factors. Importantly, we have characterized the differential response
in monocyte-macrophages compared to T cells which depends upon
expression of such receptors. In addition, we have begun to pursue
transduction of monocyte-macrophages using the adenoassociated virus
vector system for purposes of introducing anti-H:V gene.
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XNRJLODUCJTXI

The human immunodeficiency virus (HIV) infects circulating
monocytes and tissue macrophages. Infection of this cell lineage
is important with regard to pathogenesis of impaired host defense
in patients with AIDS as well as in the neurological syndromes
associated with HIV disease. Furthermore, monocyte-macrophages
function to elaborate a variety of cytokines which can contribute
to the inflammatory and wasting manifestations of HIV disease.

We have studied the interaction of HIV with monocyte-
macrophages in our contract with the Department of Army. Our
initial work focused on dysregulated cytokine production of HIV
infected monocyte-macrophages. Our current work addressed
transcriptional regulation of HIV within the monocyte-macrophages
by steroid hormone receptors as well as strategies to deliver genes
capable of inhibiting HIV using newly developed vectors. The
methodology for the work performed was presented in the proposal
(Section 4, "Description of Proposed Research"). The cell
biological and molecular biological experiments focused on
transcriptional regulation of HIV as well as characterization of
functional genes. The development of antisense constructs within
the adenoassociated virus vectors is an extension of the proposed
work to characterize the functional genes of HIV and their effects
in the monocyte-macrophage.

We extended several interesting observations with regard to
interactions of steroid hormone receptors with the HIV negative
regulatory element (NIRE). By studying sequences of a wide variety
of HIV isolates, it appeared that HIV strains obtained in Africa
lacked the steroid responsive motif while all strains examined to
date in Europe and North America contained the motif. This
suggested that there may have been revolutionary drift in the
transcriptional regulation of virus over time.

We also noted that monocyte-macrophages at different stages of
differentiation had a range of expression of these steroid hormone
receptors as detected by Northern blot. There was a clear

-5-
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correlation between the modulation of HIV replication within a
monocytic or lymphocytic cell line and the degree of expression of
the receptor. Studies using the ligands for the RAR-a and RXR-a
receptors, transretinoic acid and 9-cis-retinoic acid respectively,
confirmed that these steroids worked specifically through their
receptors and not through non-specific effects.

We have also tested the capacity of the adenoassociated virus
vectors to transduce target monocytic cells. Permanent human
monocytic cell lines such as THP-1 and U397 were facilely
transduced by this vector. Initial studies in primary peripheral
blood sonocytes showed a very high transduction efficiency (greater
than 50%) using reporter genes such as cat and luciferese.
Pulmonary alveolar macrophages were not easily transduced (less
than 5%) using the current vector stocks. It is possible that this
is a problem with titer. We will therefore continue these studies
attempting to transduce tissue macrophages in the form of alveolar
macrophages by increasing the titer of vector. It is also possible
that other promotors function better within the alveolar macrophage
compared to the peripheral monocyte. The anti-HIV constructs which
will be incorporated into these vectors have been developed in our
laboratory as part of this program. They include anti-sense to TAT
and VPR.

Thus in the past year's work, we have addressed viral and
cellular factors which may regulate replication of HIV in different
cell types. We have attempted to utilize information derived from
this year and prior years of the program to provide a framework for
therapeutic intervention.

CONCLUSIN

Considerable progress has been made in the past year of our
studies. We are optimistic that we will be able to utilize novel
constructs for purposes of gene therapy that might reduce the
cytopathic effects of HIV in monocyte-macrophages. In the context
of the monocyte-macrophage, we aim to prevent expression of
specific viral gene products that may contribute to pathogenesis in
terms of cytokine elaboration and/or monocyte dysfunction.

-6-
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Quantitatlon of Plasma Human Immunodeficiency Virus Type 1 RNA by
Competitive Polymerase Chain Reaction

David T. Scadim.t, Zhwmpu Wang. mod Di-wu of ftemaodogyO-icaoy. N-w EAagnd Dm-wo Mos Hptuz

Jeroew E Groopinal Hanuwd Medical Schoo. Boman.. Mearewihseu

Clinical moaseass of huanis imm Woe my vimu (MV) type I actv*ity Uvivo am limited
and hMader the assessment of aot wtroviral therapies. Reported hert fia method for Quantitating
HIV- I RNA in humuan plmase vaing the polymonerm chain reactios (PC!). TIsk mehod uses as
intersiailKeNIAstanderd genrae fro a closed WI 3-hp deletion notiation oft a highsly cesmerve
HIV- I pe region saq c . The moutant cRNA (M() win shows to samplify with e IIcin-y equsiva-
leut to that of wid-typ HIV-I1. Knows tlestitdes of K4 cRNA added to wild-type WV- I ina
conipefteive PCR strately using a radiolabeled primter permitted qmuatitmo of wild-type WIV-
I RNA over four orders of songuitude (10'-100 RNA copies). RNA isolated f1rom phumm from
AIDS patients yielded 101 toS IV WV OHIV RNA copies/mIl of pkma with. an vesage itutmam-
pie coellicient of variation .1 .26. Th s method ders a sesiive ,asy with a broad dyinamic
rangs for monitorin WV-1 activity in the plomm. of AIDS potieums It may provide a useultool
for amusingw tedtSi ofendatiiroviral therapy.

Currently available tools fot measuring human immunode- This method estimates the number of infected cells but may
ficiency virus (HIV) type I in vivo are limited. Although not be abl to assess acute changes in viral replicative activity
circulating CD4* lymphocyte cell numbers, serum HIV-I inducedby drugtherapies, Measurement o(circulating virus
p24 antigen, serum neopterin. serum 01-nsicrogjobulin. solua- is a potentially more sensitive asy for the activity of the
ble CD8, and soluble interleukin-2 receptor levels have been virus,
proposed to beclinical indicators ofHIV- I dises activity. Reasoning that HIV- I plasma culture indicated the pres-
they are limited by sensitivity and specificity (I -63. Quanti- ence of intact vLinons in plasma. we undautoo a study to
tative plaisma cultures and quantitative cultures of limiting evaluate KCR as a means of quantitating HIV-l RNA in
dilutions of HIV- I-infected peripheral blood mononuclear plasma. Due to the tube-to-tube variability of PCR fMna prod-
cells (POMC) are recently developed methods designed to uact observed by us and others I1010. we sought to develop a
better characterize the activity of the retrovirus (7. 81. How- competitive KR~-based method.
ever, theme methods are tnme consuming and expensive.
Quantitatin of HIV- I -infeced P9MC by polymerase chain hidol
reaction (PKR) of POW? DNA is a more rapid analysis and w wpk.Bod10ISnlwaobiedyph ot
has been shown to correlate with the stage of the illness 191. om tm'V1-nete d-iut w(( l m ithanADbyphnin

diagnoss and from normal controls- Blood was collected an hep-
_____________________________ armaed tubes (Bector.-Dickiason. Rutherford. Ni). and plasm.

All rnpes eftobtned ithmfiwwdconns fm pwnt mWNNW was harveste after centinllgation at 1200g for 10 min. Plassma
dked in a pmaecel appwoued by the New Ensland tu~arwm Havw N*a (2.0 ml) was mixed with 4.0 ad o45 Ml guanidine iohoynt
outional Rqcew leowd. (Bathestle Raeoerch Laborautoes (8RL3. Gaithertuý MD)

Grant mpet¶. National lnmumte of Health ("L-"$ 51. -42112. and and 100 pg ofyews tRNA and was ultracenthfullid through 5. 7
-33774 and CA-555201 M cesninchloide (BRL) at 1 $0.000 g for IS h at 256C, The

Rteprint or corm, poodence- Dr Iavid T Scaddra. 110 Fiacie Sc. Sam resultant RNA pelle was resuspended! in 0. 3 M sodium sceante
4A.ft"n. A 0215and etbanot-precipitated. The RNA pellet was washed with 7M~

The JSI. eof 1-bei-e Diem. tt2M46I hnl n essede nwte rstrdune thnla
0 1942 by The Umverwty of (ecvpý All ho e"e etanolWrsseddi ae rsoe ne laila
0022- I ,OZIO*M*-01722501 00 Svc
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RNA standard. The HIV- Igag region amplified by the oligo- added to a 50-jd final-volumeC SOlution containing 50 pmoI each
nucleolidc primer pair SKlIOO/SKI104I (1, 121 was ampfified in of SKl100and SK104, 0.5I pmol of 2 P-end-labeled SK1(04,.0.2
the PCR protocol noted below. The resultant fragment was mU deoitynticlootides, 1.5 mM4 magnesium chloride. 50 mM
filled in using Kienow (BRL) and blunt end ligated into the potassium chloride, 10 mM TRIS. 0. 1% gelatin. and I unit of
plasatid pGEM-3Z (Promeg~a, Madison, WI). A deletion muwe Tag polymerase (Perkin-Elmer Cetus. Norwalk, CT) and sub-
tion of 113 bp was produced, and the resultant plasmid jected to cycles of 920C for 30 s, 55*C for 30 s. and 72*C for I
(1(4) was determined to be a satisfactory template for SKIOO0/ min repeated 30 times with a I O-mi extension at 72*Caf'ter the
SKI104-directed PCR by agarose gel electrophorests. K(4 cRNA final cycle using a thermocycler (Ezicomp. San Diego).
was generated using T7 polymerase (Promepa) The K(4 cRNA PCX prodwie analisis. Amplified DNA was electrophoresed
was purified by uittracentrifugauonm through a 5.7 M cesium chbb- through 2% agarose or 61 acrylamide and visualized by UV tight
ride cushion. precipitated, and resuspended at a concentration after ethidiumn bromide staining; the resultant bands were har-
determined by both spectrophooometry and incorporattion of vested and Cherenkov counted in a liuid scintillation counter
([ 2Pjuridine triphospliat. (Beckman Instruments.. Palo Alto, CA). Figure I A summarizes

Rvere tranixnption and PCR. RNA was rearw tran- the miethods used.
scribed in a 20-ol volume containing 0. 5 mM deoxytsucleoudes.
6 mM magnesiums chloride, 50 mM TRIS (pH1 8 3)ý 10 mM
dithiothreitol. 200 units of recombinant Mioloney murnne luke- R~
mia vmirs reverse transcniptase (DRL). and 40 units of RNasin The HI V- I gag region braickted by the oligonmr SKI 00
(Promega) at 37*C for 90 min The reaction piroduct (10 iii) was -ds 0 a lndadadlto uatpoue

(1(4) 14 was amplifioed by the SKIOO/SKI04 primter pair
and yielded a PUR produtt readily distinguished f'romn wild-

A ~ type H IV- I boy either acrylamide or agarotoe gel clectrophore-
riu s~(flgure IS. C)

~mJ as~u~ ~. 1C)The K(4 ARNA waii evaluated a-. a template fix PCR using
~ ) the SKI OD/SK 104 primer pair and dirtctFv compared with

fl~iTEZF ~ ~ Ci)the wild-type HIV-l gensome represented bs RNA den%ed
N from HIV- 1.-tnksoted 149 lymphobassoid celli After e

V ~veirs traftscn~p". "P-end-iabeWe SK 104 was added to the
fj KR reactim ov ixture, and the PCR product was% analvwd

by electrophomism The %,oeid ot U)NA wa aquantitated at dit-
I VO- Inm krs. eent cwkl nunibews of PCR b% the counts per minute pres,-

enst in the approprite band twisoad hrom the elecituplso.
mixn geh Figure 2A indicates that the rate o( isse 4
sacrpmarteid "P-Ube~td primer is the same with esther K(4 tr

bold k.40"M ftd-tvpe "IVAM Ail, the R'R Itemplatte Thewe data were
IEE convi~xted Waang 1(4 Compared 0,ith independcalth oW aws-

8 currentl (in the samet tube) amplified knowvn quantitoew of
1 3 S tp&asaWd INA o( the HIVA. ckvne IlXB. (p"-madd to, R

C (W10b. %ationa Institutes of Hecalth. Bethesda. M[l K4 i

and nis tenefor an apporopruate template so use in a quanusta

r4PW*~mp if e 1.t anmm r (4 W mc eq aa toiroto t&Ad io afvo VXld-i ~ %e s01 VuI

FIPIS Stiiiiii*Y 148% iss, demowastrsed that 1(4 ican be tradd-. diotingruihed
Otit. gsiassmne seoticaae PIR. "iu
COW11p0111tve P*(' (11blol Of willd-siP (1111) b~f~ WOU34F ftm wild-owper HIV- Iasd ieVl can (wanctiwst as an equevalent
coooncy 'dvils (141V) typet I (uppe band) kv K,&o*w .aanmhn taret In PitLR. we tS"e t1w toui~vn anod range of out
bwns) at diireoont tat%*sao jwit k- K4 18) at dssmt 4Aihuof of metho 4faalmn kit VIPS knoow" amoounts, C4 1(
fixed ratioi of twi tK14 (C'ý Fisicd am-mrst of K.4 oRNA ws wa. A*~NA wee diluted a" trid as ioannon material for the re
uined in temples ctrwsponshn to,, o 1 -9 m It theridM ja C rlirio n oRumoinTem-uigtKrw
licons of RNA RtomtIV 14. ,w-infncted " eh e vri &hW v ei rfvtpew1adK i-ciii Terelsn-nwo
tsolly from tooh to left on %amplev overvmpoidinag %,~ 6o*%s r10 i (f'~aee rcrS 04 PnrVme mo ads itrti
thrtough 2 Lon. I contained only K 4 c ItNA I I0' copies) s*towlln ocnrtw ov~k 1(4 tA is shoWPn in figutr "ft Thvemiowa
10 conwoind onkly 141%l,.*infimited "9 RNA I I mql C. Waets f uampl IsAceso ainCws0 o t h
wl to K4 RINA rwprrwniedb hioe lumrand 4 otoo oathst Amples "ih 510' to WO ctwen of4 dI ONA rlicsd
ratio *ere suliecied to wtgue~tial threefold Wiution' tefore mvt ohwe'e o h vw iotdt 0-1Mcsr o '
~etr"wifen OWd a"plification Serisof lAN( W8W% eact Mh Thnumrssre h arsi lmtd o050 eeso

W1 t I-)) rePresent ofthideUM U i'-4I1WISWWd in the starving akmaeal hut the &%irsanK range c4 the aifta% is.
Produoctl (7f 0<vc1C amolficamio at irast fitour m 44et foftigtitude %s4ice the range of in,
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A 206owfectious virus detected in the plasma of HI V-infected individ-
uals has been reported to be quite variable 11 31 and the range
of virus particles containing detectable viral RNA (not neces-

56OW -sanily infectious virus) may vary over a broader range. a wide
dynamic range for the assay is desirable.

2.000 The relationship of end products of PCR to the starting
quantities. in a competitive PCR strategy. is dependent on

1.000,the ratio of the ttAo templates at the time of initiation of the

5W amplification prttocol t 10. 141. At rati" of sample template
to standard template of less than or greater than 1.0. the

2001 amplification of the two temnplate-s is not eq~ual. Figure 18B
20 2 30 0 46represents PCR products of reactions containing a fix~ed

NUMBER OF CYCLES amo.unt of the K4 standard with increasing concentrations of
sample HIV' I RNA, The %ariable intensats of the sisible

24000 -o"er band (K4) indicates the inconstant amplification of"

IAOWthe K~4 template in the presence of diffe~rent concentrations
ofcompeting wild-ispe il% - I geriome

5.000To ins stpgtc %whether the differential amplification oft
%b dd-tý pe -.cfsajs K4 template wAas, dut to a limiting ciwcn-

2.000141 trton ornastiate dilutions. of RNA 4f three fixedi ratioi of

1,000 w %ild tispe to K4 (ut .41) were adde ito the P(R raction
mvttuic and amplafled4filgufr W) lDulummot fthe sarting

joo vofttfationm of RA di not alter the relatio~niflif between
the wild-ý,irp tnd K4 Mnal products. differential amplifica.

200 ison k4 'the iws R~'4i w%:urunr unless %I K4 ap-

0 2 3 4 5 a I a * 11,ianl; &misraied thtuthe ouningut kAmust Ajs

'(4 cANA (LOG COPY NU BER) prsaskh I tot csuAl dsctwncl k4 amitlificatitn. 2-mi human

ofk4c k s% A a ri aJqJcJ it, a flie am. nknni t4 plasma R %A

C~~~~. to 4 lI o~,t ml 0ol wo ts1elb~ei diluitions

wore prsew~ itanwrthbes 4nJ amplified andj the rxesulunt
a pwsductb oweanr. -a-~c as ts*ir At ciquisakt lcics .4 in-

1t*rv3kn.4 fadioftahetri pnimc-' the input wi k4 %a% con-
Wcte tosr I the quantats ,I input wsiti-ts~e R'A siul.J

shevrti tsr eait-a.slatc*J and ske nutmber of HIV. I R%,% motl-

t.3 %.eras t1K r mdui11*itt .4 the *I,%*% duptoa~tc %am-
pkie fro-mma wn&l plak*a',4.wn. uvv in~sriav&istl% Mr*rsie
and an..htc-J 11w arwlts ttewi *4thcar analvaei arc uh~vmn

cit 4ua :(2 and b tertwlis .4411 *Ainf4s from I I jsatwta
too 0600 1.momAntu ;cdj its itirs rausnre air uiov in tat* I T he a%'re

I 000 Is .ir*%4mpie (14 11r Itamph-s from II psatwntt mats red

K4 CRNA COPY NUMBER) i:t.1
To' ..-Xnftam that rair crmults 44m VW4 reflerVi lulat hIII.

K4 R14A 41 kliffrent p.'I'mervew Atim~ rats~wat*, 10414)jviv norm
Pwm' H~f#4llR~nu K4UN f 1*vpopvei v w t .e'iwo h ~ii~i ~ts.i r in~ np
iyeoii Rth siwoqrpinstion or ýIr tdjtes ohip'ftwsivi. pokowr
(S1K 101)4? afr tvveaw tr.nisrtptio" inst im~phlts-l.n P'. w.nuiawU
tion o'untrng to 'muldWe a.nve pe 41w". of msuo~~t. - ~~~.eilp' jr ~~. C '
tion proifucus. 9. Itetnsiowuhi 'I "Pt Ml4^ tO 44004 4 Ot 41 Posvatt' ~~ AU.wewl't F4aiN.a aaWOO44 &.40diki &I 1i C4 PAtkf.4onu and
K4 ý:RNA. Kmw.fl mont-a 4 KA iXNA were ye-very tr'.nwn'r+* mnarv40sfre i4EIP (.¶ o"~iP .wtm4 k4 trR%A m.4mviik
And iorplikOe Air 14) culomi pene 4 ' t"~e P#Vft of1~ owr-a''..l4i %&HU KA-t.'-aam~d .i'4 I r"Vew et C11"' VIOwmt' .4
prtmer ,cr~nmdsNwr u~seJi er esritrov'- &wna~a*ot. n.W- V4T~W I % A an I Mwl 4 tW(A
reqma tel aele were mtvlidtoý.404i Whlm,.'no ommnesl *44ftw A4 * I ty%
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Tabl 1. Patient characteristics and results of studies of plasma niques in conjunction with a mutant cRNA template to eval-
sample% from AIMS patients. uate the quantity of HIV-l RNA in the plasma of AIDS

111 RNA (1)4 patients. This method requires a small quantity of plasma
Si*mple (x 1' coptc%'/Mmm cells/ Anti- (obtained from a single phlebotomy tube of blood). which
nO. 01 plasmA) MM' thagni'^es reiroviral can be processed and the analysis completed within 48 h. An

internal cRNA standard that is equivalently amplified in the
1 7 75 it 1 95 42 (Crpto. ('MV, KS ZL)V PCR method is included in the analysis to avoid inaccurate
- 1 3 :t 0 ss 10 K :P. (MVIV KS Z1W quantitation of the sample material based on intrasample
3 t 4)t 1. 1 20 KS Si
4 1 7 4 30 C .KSNn variability. Use of an external standard does not control for

60S 1 Y 30 ('rypto. Ntlh. NknC* this variability. which may result in alterations in final prod-
2s~ 17 5 1 Io KS No"C* uct quanriiation of up to 600%7 1101. With an internal stan-

7 7 1t 3) 40) KS Wil dard, the method presented here has an average intrasample
x4 1 t 7 204 K-S J51 variation of 26%t.
9 hs 0 0 1i 24) K-S Nkmc

1) IS S IS 3o Ž44 s /M). IISN In addition. the dynamic range of the assay is at least four
I(1 341( s t Js 0N KS. %HL ills orders of magnitude. substantially higher than those of other

reported PCR-based strategies 1131. This feature of the assay
Not I I MV humunirn mun.,,Jhswni540. ' v 554 , ri rpto:i makes it particularly attractive for the evaluation of antiret-

rncninan~ls sr iungomi, Cmv %IS omvl;4.sviru%. K-S. KA"puactw imin. orlthriew rebodifrncsncruainvrs
P( P 1*n.,uDmi is,4 um'jmS pnvum.,nia %tih i'-Iskif lmphmmnu. rlteape.weebod ifrne ncicltn iu

/1)5 /u,%ds,~jsnA JJ, Jwvt-osonts,~nc a% interrcruo-tv maý be anticipated. The quantity of HIV RNA we have oh-
1)rug withJr4wfl *ithin 4 *ck erved in AIDS patients has ranged from 10' to 8.3 X l0W

copies/mI of plasma. which is comparable to other estimates
fied products werr secen. indicating that HIV~- I -infected cel- of plassma -.ircmia using K'R (1 31 or bN extrapolating from

Malir DNA was unlikely to be present and therefore that ccl- cirvulaung lcescis of H!V- I p24 antigen 11l5).
lular RNA could not Account to( our results. Fhe specificity rhc major limitations of the assay are the requirement lbr

ti'r HIV- I of'the bandls 4ssayed in thrs method *a% s-upported multiple dilutioins of sample RNA (although we found that
by the Obsence of band% in icontrul plasnsa and by the same lour dilutwion arc adequate in evaluating the AIDS popula-
electrophoretic mobility of samples Amphlfed with non~I- tkin itudiccd). the use of a radiolabel (though other methods

hCIIed prImers4 %ubsequntly liquid-hybinditcd with a radiola- of quantitatin ma-. sacrifice dynamic range). and issues of
beled SK 19 112 probe, Ihere were no Ulwa puntises dc- crossve-icr co~ntamtnation common ito all PCR-hased strate-
tccted in 8 c;ontriol p~tsma %Amnples.#t hgle ethods of plasma collection were not found to influ-

ence our assa when we compared heparin. EDTA. and so-

iiiscumio dium cilrite anticoagulant%. perhaps because our method of
R NA ptreparation reduce% the presence of the anticotagulant

it valuation of the therapeutic benefit ot medicatioras in in the P( R reaction mixture T'he dclav between sample cot-
HIV-I diseas may be biasd on a number otf clinAic And lestion and proxcessng rnaN he important However, our pre-
labratory paramneters (urvrrntly. the lAtiiratlrs avvay liminan obervAtions %uggest that there are no substantial
WIMel' in use Are indirect measnures of the activit, of the differrnces in samnple% aliquoted oin amsal in the labotrators
virus., ttxh Ax T lvmphokylte subsets., neictilrin. Or ,i*a-(tv'ur LxtkiraltwNr as Adjacent ito the hospital where the %ample-%

$lobulin. or dliret measu1ement' of a viral IiOdJUCA. iuch 4,, were obtained) % ith oine aloqusit prcessed immicdaatel,. and
IIIV-I p24 Annigen the 1Lattr assiav i% limited by the high one prov;cessed after a l-h dcla-s. notr have we observ-ed differ-

freuentcv of p24 Antigen -negative pawnt mn"e "tcvn samples pr4ocessed immediatcl% and plasma
Improved dirvest meas4ures ssfthe inctosburden 4111Iv- alklL%,4% frsqenr At -- 80((unpuNished data) Further delini-

I are des~iral ISCVAUse Of thet nortipecifkit-o of the sindirect tacin of thcew paramcter, r, in poesy U%

laraoryM parmMOter and becAUse Of thC poeniaIIltime JCe. bhi- retalir 0%v smple a-.say ftir quantitatingf plasma levecl%
lav ror Indire cteas4uren to reflctI 41Ialtertion in cirvulatinit of IIIV- I KNA _..,% provide a tah~srators% itul for mca¶.unng
virus. Dirvct avsa'ss of the virus mnay pemit morev rapid anas- chanpes in CIrcuIlting %msru in siso The applicability' of this
,us of mnti--tIIV-l therapires %lteuhocls that assess the i;inrcULM - awa to lutients. at Jiffmrnt staMe of Ill%'-l disease and the
init levels 4 f lve virsis a orppsed to virvas incoirliorated intov iswricatinn 4f %iral hurden with OinKcal oagec arc scurrenth.
circulating kcell ma'y be particularly valuable bSMaMIe l'f the under intesisiipt-ri

latecyw of "IV, I -ý meltsure of free virw us may b the pre-
fcrted (aftnettr to evdaluae therapW~ ies sresda at he repilica- A(C688 b

tive cycle o4 MIV-. 4uch is reverse trA"%nse -'rsa. tat 04rn WC ~ thank Randal Rsrn 3nd Sott1 Hammer for helpful dasauv.
teame inhibitors oyr inh1i41itor of virU% assembl' *W release ;Min avid Timths Rha and Csnthia Hol4-lint Gir assistance iith

Th~e methoid p"reseted hvre uses qcomImon10 t tests- a~nassr" preatiN"



,id 1992;165 (June) Concise Communications 1123

Rekress 8. Coombs RW, Collier AC. Allain JP. Plasma viremia in human immuno-

I. Osmond DH. Shiboski S, Bacchetti P. Winger EE, Moss AR. Immune deficiency virus infection. N Engl J Med 1989;321:1626-31.

activation markers and AIDS prognosis. AIDS 1991,5:505-1I. 9. Schnittman SM. Greenhouse JJ. Psallidopoulos MC. et al. Increasing

2. Anderson RE, Lang W. Shiboski S. Royce R, Jewell N. Winkelstein W. viral burden in CD4+ T cells from patients with human immunodefi-

Use of beta2-microglobulin level and CD4 lymphocyte count to pre- ciency virus (HIV) infection reflects rapidly progressive immunosup-

dict development of acquired immunodeficiency syndrome in per- pression and clinical disease. Ann Intern Med 1990.113:438-43.

sons with human immunodeficiency virus infection. Arch Intern 10. Gilliland G, Perrin S. Blanchard K, Bunn HF. Analysis of cytokine
Med 1990.150:73-7. mRNA and DNA: detection and quantitation by competitive poly-

3. Fahey JL, Taylor JMG, Detels R. The prognostic value of cellular nicrase chain reaction. Proc Natl Acad Sci USA 1990;87:2725-9.
serologic markers in infection with human immunodeficiency virus II. kdyfield M. DeCock K, Heyward W, et al. Mixed human immunodefi-
type I. N Engl J Med 1990:322:166-72. ciency virus (HIV) infection in an individual: demonstration of both

4. Lacey JN, Forbes MA, Waugh MA. Cooper EH. Hambling MH. Serum HIV type I and type 2 proviral sequences by using polymerase chain
beta 2-microglobulin and human immunodeficiency virus infection. reaction. J Infect Dis 1988;158:1170-6.
AIDS 1987; I: 123-7. 12. Ou CY. Kwok S. Mitchell SW. DNA amplification for direct detection

5. Funches D. Hausen A. Reibenegger G. Werner ER. Dierich MP, of HIV-I DNA of peripheral blood mononuclear cells. Science
Wachter H. Neopterin as a marker for activated cell-mediated immu- 1988;239:295-7.
nity application in HIV infection. Immunol Today 1988;9:150-5. 13. Holodniy M. Katzenstein DA. Sengupta S, et al. Detection and quanti-

6. Goedert JJ, Kessler C. . Aledon LM. A prospective study of human ficatio .o an immunodeficiency virus RNA in patient serum by
immunodeficiency virus type I infection and the development of usi of human inodeacinc v RnA in patient3serum6b
AIDS in subjects with hemophilia. N EngI J Med 1989:321:1141-8. use of the polymerase chain reaction. J Infect Dis 1991;163:862-6.

7. Ho DD. Moudgil T. Alam M. Quantitation of human immunodefi- 14. Wang AM, Doyle MV, Mark DF. Quantitation of mRNA by the poly-

ciency virus type I in the blood of infected persons. N Engl J Med merase chain reaction. Proc Natl Acad Sci USA 1989;86:9717-2 1.
1989;321:1621-5. 15. Bourinbaiar AS. HIV and gag. Nature 1991.349:111.



Identification of a Novel Human Immunodeficiency Virus Strain
Cytopathic to Megakaryocytic Cells

By Myriamn S. Kunzi and Jerome E.- Groopman

impaired megakaryocytopoleels may be a contiutingV fac- CMK and DAMI .megpiakaocyti cells. CMK and DAMI
tor to thromnbocytopena-- assciated with humaen immruno- calls were not permilsshve for the virus and HIV-WW in-
deficiency virus (NM infection. Because HIV isolates differ duced cytopathicity for these 9e-ayoyi cells did not
In their host rang and pathogenicity, we investigated depend on viral replication. The C04 N-t~rminuse *L.
whether HIV strains with demonstrable ceod tropism and dornain of the HIV 9p1 20 envelope protein did not appear
increased cytopathicity for .. :--,.,.could be de- to be involved in detemniOng the cytopatisic phenomenon.
rived from the bloodof. .'HI-fetdni HIV may imspair meaayocytnolel through interac-
viduals. We derived a strain. HIV-WW. from the periphea tions at the cell surface in some cases rather than through
blood of an individual with severe t~onb aoed and viral entry and intracellular replcation.
found the virus to be highly and specifically cytotoxic to C) 1993 by Thw Amerilran Sm"~t of Pilesaftippy.

T 'HROMBOCYTOPENIA is a frequent finding in hu- found that HIV-WW was specifically cytotoitic to mega-
Iman inununodeficiency virus (HIIV) inferction. Anti- karyocytic CMK and DAMI cells but not to T-lymphocytic

body-mediated peripheral platelet destruction is well docu- or monocytic cells. The cytotoxic effect on both CMK and
mented,' 3 but the clinical observation that platelet number DAM[ cells did not require HIV-WW replication. suggest-
often increases rapidiy upon treatment with zidovudine ing a cytopethic effect at the megakaryocyte cell surface.
(AZT)' suggests that impaired thrombopoiesis, as a result of
direct interaction of HIV with megakaryocytes., may be a MATE1RALS AND METHOOS
contributing factor to the thronibocytopenia associated Clsadii h AIcl ie eie rmtepnh

wit HI inecton. Abut 5% f hmanbon marow es-a blood of a patient with mepkar),oblastsc leukemnia." was a VAl
megakaryocytes have been found by flow cytometry to have fro S. Gret. Ier IBr~har arid Women's Hospital. Boston. MA).
detectable CD4 surface antigen.' the primary receptor fo Thew cells were maintained in lscove's mnodified Dulbecco s me-
HIV in T lymphocytes and monocyte&"" The presence of dium (IMDM. GI8C0 Laboiratories. Grand island, NY) with 10%
viral genome in bone marrow megakaryocytes of some hetiaciae hori scm (HS. 613(70). penicillin (P. 25 U/
HI V-infected patients has been reported-" and the virus mLU ateptotiycan (S; 250 A~mL. 618(70). and L-glutamine (Q.2
can be incorporated in these cells in vitro."t mmol/L. Madaattch, Washington. DC) The CMK cell linc.'" do-

The recent availability of permanent cell lines of mega- ived from a child vnth mepakaryolasuc leukemia, was a gift from
karyocytic lineage, such as the CMKI&I and DAMI" cells T. SatotluhitmUniversti.iJapan. H9HTScIs- tco*
has provided an in vitro system that facilitates the study of IiaIIl obtained from R.C G&Wl (National Cancer Inustiute. Be-
HIV infection in megakaryocytic cells. Although these cells thesda. MD) U937 cirllW' west obtained from the Amenca Type
were shown to be poorly susceptible to infection with HIV- Culture Collection (Rockviltle. MD), catalog no CRL 1593). CMK.

111B thy wee fundto b redilyandprouctielyin- H9, and U937 cells were maintained in RPMI 1640 (613(7). 10%
IIIB. ~ ~ ~ ~ ~ ~ ~ ~ ~ hmisiuae thywrkon ob edlyadpoutvl n eal bovine serum (FBS; 618(70). and PSG

fected with HIV-2 ROD." Because HIV isolates differ inl HIV.WW vimu was obtained from an asymnptomatic HIV-sero.
their host range"'," and their psthwgnicity." 5-' the qus.- posativc patowt wmith a CD4 *cell count below 400 anid persstent.
tion arises as to whether HIV-infected thrombocytopenic severe thrombocytopenuta HIV- I iR4CSP. isolated from the cere-
patients may harbor viral isolates with tropism or increased brospmnal fluid of a patient with acqluired immunoideficwiecy s)V-
cytopathogenicity for megakaryocytes. To address the is- dtorne (AID6) dementia, was obtained from I S Y Chen through
sues of tropism and cytopathicity of HIV in megakaryo- the AIDS Researh anid Rekferenc Re~nt Program '" HIV-
cytes, we studied the infectivity. cytopathic effects, and cel- It.1-- rocovete from an aslmptoniatc HIV-,eroposuve pg.
lular tropism of HIV-WW. a virus derrived from antiern with seveat neutroperia- A stock of scac virus was pown bv)

We c humtr of infecte perpheral blood kmononuclear cells (PBMCs)
asymptomatic patient with severe thrombocytopenia. te pcc" rijtii PA~smlsdPMs speost

descrbed." Virus was harvested in the suapernatant. withoui con-
* centraton. when. HIV p24 antigen levels reached a value greater

Frm, TheMapplerho'Pr Laborwaory fiv -4110 Reuvarth, Pi-,- than 500 p.JmL (HI V.WW. day IS postniection. HIV- I JR-CSF.
iton of Hermatol igy/Onctiop%~v beponmerit c,( Idscine. New En- da) 10 postinfoction HIV.Ri9435. day .20 posunffexct)
gland Deaconess Hospital. Hllarvarad MedicaJ.** &-hwl r Vutn 4 lutkirmm Cells were cultured in 24-well platis (Costar. Cam-

SubmittediJuly?2 1992. accepted Febriian- 4, 1993) bridge MA) Cell 42 x IO'/well) ware inoculated with W00.1 of
Suppowred by Public Health Service Gainit No H1.4211,: and virus stock, containing approitminwely 100 ng HIV p214 antupr

HL461668 from the National I/suriutei of Health The viral noculum was adiowt'e to cell (or 2 hours at 37*C The
,4ddrrss repont request; to Jeromew E Grnopnan. .14A flmuine, cells were then washed with complete medium. pat&d at I x 10'

of Hematolo/yOnologv New England Elmrm-wits HaospoaJ 110 cellsmI in fresh complete medium. and Witat I A evmr 4 days
Francis St. 4A. Botomn. VAL 02.115 Mock infections were performed with 3MX 1L of maperrnatant from

The publicat ion, ml:., ofthig. anrtic sire defwavd in pani hv pjsi Pt-A-stimulated. uninlece Pft~s harvecied after 4 days in cul-
chare payment This article mutt there*'rr be Artevv PmAred ture ADl infiection west performed in duplicate and monitored ty)
"advertisement- in iarordancir with 18 U S C set-tion 1 34 u~b' to measurng MIV p24 anti~n levels orn the vAperratant with a solid-
indicate this fik phas antign capture tnmmunoesa kit (Abbott Laboratories, Chio-

C) 1993 by The American Soriery a(HemAwotg cqpt. IL). Cell viabhiit was 'by li trypin blue exciumon In
0OV6-497I/V3/8I 12-002MIJ 00A1 certain eipenments. vus was depleted fromt the mrocuhum hy f61-

3336 Svb agt V r$1 N 121J.e,. i5). ISP93 pp 3336-3342
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Pigv I IV-WW ayteogdOM a ClK and DAM asell. Call 12 x 10') was- diaiedAdsHIV-WVW (i0nsp24 aiidwms mouium
Sugeseasat lagswsh~sda u uam a mday s*d 4Insus VWWdP24 idga Ahivbela as mpra in

POOrMW WINN. SUeaWieU.6 X~b6 ami11faum di-cdssd admlwas was moed as negoolve laeu -ACd 'Aebbywas sewasasdiby
oypms blue. andsiasm. SEacsvh Vaue sposesa assuage of two I Iag Ib mAaswauwnwv This i s aneopsewautave asopalunet of *oo
-go V is eupeibahw.s tA) CUK ash. 3 DAM @asft M VWAWmt M p24.

A ..ooo $00 tration twice through a 0 2-orm acetate celluloe iliter (Sartoritus.
Cooctuusn. Germa*yl. In the cultures in whichi scrum from an

. ......... awymptomauc HIV-stropouuit'c donor was used to neutralize HIV-
1,00so WW. 300 pL of vtrus was incubsWe with _200 .L of scrunm at VC

kwoI howr Weore wncublatwn- Infeco then pnxeede as de-
to wnrbed abw. In those cultures in whtichs anti-Leu3A (Sect, n Dick-

inson.s Mountain View. CA) was used to block the interactioni of
HIV' with CD04. cdii were incubsted writh dialyzed antibody at 5

WamL at 37-C lix 30 minutes before inoculatbon wiith viuis, Infec-
jt two was then performed as described &bow with the follown# mod-

1000 tikatwoc a~r adgoqitwos. the celh we rt washed with, and plated in.
ja o6mpkwt medium supplemnented with anti-Leu3A atS5 pg/rnL.

PI'dswwruwi'c-Aagn uwrftiev P(R)j waltsus Totalicellular DNA

01- I ~ was extracted as ptrvxvoul) desribod. "13 HIV' soquences weir am-
pli0fVed bv the PCR twice for 25 "tims as weiiousI) describsed.""

Oliva Pool wmksto uing nested HIV pg-spenic pnimer pairs. The first primter pair.
SK 100/5K 104." ansplxfa a 2"0b relpon of ga that is conserved
amoos the HIV-lI notates and HIV.2 ROD. The second primer

.6,000 too pawr. SK33/SK 39. "' amplifies a I I 55-bp repon of pgconserved
amnxw4the HlV-1t islates DNA nolated from HIV-1 lllB-snkfcted

~ cells was sitd as a pcwtiaw control and DNA extracted from mocik-
1000 so inkirted cell was trid as a neglative control. The spectficity of the

KRproducts was verified tvý liuid hbdudiation to the 5'-end
j rudiolahPled HIV-spwefic probe SK19. "-u Amplification of ti-gb-

~o00 lan Wrnon ic squences" " was carred independently wOt the

do prime pair PCIPO osesDNA ngiywdcte.
a05 The senutaiit% of the KR7 aim was determined by dilution of

A ctirnicalh HP..-ikvnfted THP-l monocytic cells with unin-
f.000 fect fiP- I cdlk Themasa issensitive to lO'dilution ofinfecte

cells. corregpondmng to 100 HIV- I infecte cdli in a sample of 10'

Lcdli per millilter t1

4 1 to tIti I t 7

DasV pos -rociatio' VESULATS

ftg 2, NV-ww to o vow oftb ft me P*jr3 or H7CoIV.WW was reoweeid fwro an asymptomatic patient
Cabt "wa -0 1 1 vim NV-WW ft dasabud in P% , con with severv thrumboc)1openla and amplifted by short-term
vislift imse massesse by splo blis d- I ReAs valwe ei
Sama uso asoaea tof me'~ r I massuemaspos. 04 M 00 coxuuure with PH A-stimulated PBMCs. To anti the tro-
aubm.ee ( U$37 ad *Wm k24 V W Me P". pis of this primary HIV str-ain. CMK. DAM!. H9, and
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Fig 3. Ctsge#,,kI I "V 'wbuahMMuL WA DAM1 caw wmet chaonged wdit 3004A PHA-1105dete W011119d PUMC 4~iwW
3004s Ntv-ww 11 00 nog P24 @igi 6e W o 3004 #L V.WW tWIN Uwied Uwuatio a 0.2-adm celsMeese 000040 m W depnewlt I *a
bw=*Ami of wis. (A). to" CmIIor DA M ailes ' d V I I d wA 300 A IV-WW (100g 019 V P24 '0 gen0 (Old. reef*P8cvelyt et
weM,3004 hast-lnastvsed (SC ic,30 eubseas V-WW lewindu,sseL tet Cal~ y ama*sed by uype blusexclshinin.
Each vaki. rwepenteuw N i avrgo 06 tWo' keeA mnd numamenwwne

U937 cells were challenged at?2 x 10' cells/well with 300 saL To determine whether the observed cyiotoxicity was due
of virus stock containing IWt ng of HIV p24 antigen. HIV- to HIV-WW specifically or more generally to exposure to
WW was found to be cytotoxic to both the mepkaryocytic supermnatn from 111V-infected PBMCs. we removed virus
I)ami and CM Kcells, but not to the T-lymphocytic H9cells by filtration or heat-inactivated virus before inoculation.
or the monocylic U937 cells. The viability of DAMI and DAMI cells were challenged with an equivalent HIV inocu-
CNIK cells, as assayed by trypan blue exclusion, decreased lum depleted of virions by filtration twice through a 0.2-0im
iharply from above 90% to below 5M0 within 10 days after cellulose acetate membrane. In another experiment, CMK
exposure to HIV .WW. Total cell death in these cultures was or DAMI cells were challenged with HIV-WW after heat-in-
observed within 17 days (Fig I A and B). Cell viability re- activation of virus at 56*C for 30 minutes. Removal by
mained above 9M% in control CMK and DAM[ cultures filtration or inactivation by heating of HIV-WW each re-
exposed to an equivalent inoculum of PHA-suimulated, un- stored cell viability in the megakaryocytic cell cultures (Fig
infected PBMCsupernatant. In contrast, the viability of H9 3A and B).
and U937 cells remained constant and above 90% during HIV infection in CMK or DAMI cells using the labora-
the same course of exposure to H IV-WW (Fig 2A and B). tory strains HIV-l l1AB or HIV-2 ROD'7"' has not been

A t.0o0atCo 0 t00

so so

S000 
4.000Os

2,000

20 1,000 20

0 '1 100
4 7ii 4 4 1i4

Days poet-inoculaticn Daos post-inoculation

P4,4 NIV-1 JR-CUF &Wi MW-PAe36 ws not eaywpde~ thimgearyocyfta calls. CUR.or DAM oebt were dIelIge wht.3004L(100
ng p24 -a@'@-ni NW-1 JR-CU or HNW-RJS43S. Supemaerui hanipere W.s hresoul at ci bc thed e and esayd for *dW p24
aiGeV . VWe p24 anipen Wevels in CMII r -- C and DAM to - 09 aftenes w sressi in plamsg Pan.r atinher. S"Waneuti

samp tesarm "nsI-hJeaed culnese wae ueed as n~ege-w coiN o. Cog u-,MWIV In CUR 10 - C31 end DAM (0-01 cudiwee was
seeasesed by uyppo bMa eadiakn Each. wase. rsepasesb *e I-eg of two' hdp diu maeewementen. (A) Chleng widO ty-1 JR-
CUP. (NCO Ihae@ Widi HIV-PJS4SS.
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FigS HW-WW l"ekpldIy is blodced by nostublng aorm. CMK ar DAM sifb wore dMilinged w4t HIV-WW. n dwbid in Fig 1. in
OW .bmes mluor i•3o)smo n•uaV bftr mii• m • 2 00/MJ. Conttog CMK &Wnd DAM eol am s wre or -iid0l I nh ' Ofu
netabimiswum CAN wvliOtlV wis amssed by pn bhIse maulution. Esab Is, iop e m is *Ae oof wo p I ndanwti wift
IA) CMK all dfhaui. iW DAM cIl asultws.

shown to result in any loss of cell viability. Therefore, we was specific to that virus and not seen with two other pri-
further investigated whether the cytopathic effect of HIV- mary isolates from nonthrombocytopenic patients. In addi-
WW on megakaryocytic cells was specific to that isolate or a tion. we found that cytotoxicity was abrogated (Fig 5A and
general property of primary HIV- I isolates. We challenged B) when CMK and DAM! cells were challenged with HIV-
CMK and DAMI cells with two primary isolates obtained WW in the presence of a broadly neutralizing serum from
from nonthrombocytopenic patients. HIV-I JR-CSF. a an HIV-seropositive donor. This serum was capable of neu-
PBMC tropic isolate, was isolated from the cerebrospinal tralizing under the same conditions both HIV-! JR-CSF
fluid of a patient with AIDS dementia27" whereas HIV- and HIV-RJ9435 infections in PBMCs to 82% and 91%.
RJ9435 was recovered from an asymptomatic HIV-seropos- respectively.
itive individual with neutropenia. Like HIV-WW. these two We then investigated whether viral replication played a
viruses were amplified by short-term culture in PHA-stimu- role in the observed cytotoxicity. CMK or DAMI cells were
lated PBMCs. CMK. DAMI, H9. and U937 cells were ex- exposed to HIV-WW in the presence of 250 nmol/L, 500
posed to a 300-&L inoculum of HIV-l JR-CSF or HIV- nmol/L. and I j Amol/L 3'-azido-3' deoxythymidine (AZT)
RJ9435 under the same conditions used with HIV-WW. to inhibit viral replication. Treatment with AZT did not
Neither HIV-I JR-CSF nor HIV-RJ9435 induced cytoxi- protect CMK or DAMI cells from the cytopathic effect of
city in CMK or DAMI cultures(Fig4A and B). Cell viability HIV-WW. AZT was not toxic to the megakaryocytic cells,
in H9 and U937 cultures remained above 90% (data not as less than 10% cell death was observed in the absence of
shown). Thus. the cytotoxicity to megakaryocytic cells of virus in control cultures treated with AZT at the same con-
inocula derived from HIV-WW-infected PBMC cultures centrations.

A too B 0ooso - so -
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140 140
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Itiowd ID) hI •Vmprosnms of mwd-4.Au2A vt Vie me oomm~oi (A) ICK iie euses. 1D10AM oil uo•twnu.
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Early events of viral integration and replication were stud- with clinical thrombocytopenia were not cytopathic to the
ied by PCR analysis of total cellular DNA isolated at 2, 24, megakaryocytic CMK or DAMI cells. Most strains derived
48, and 72 hours postinoculation. To ensure detection of directly from HIV-infected patients by short-term culture in
HIV-WW, despite possible heterogeneity at the molecular PBMCs are not capable of infecting productively perma-
level, we selected a very highly conserved region of the HIV nent cell lines,2 ' whereas laboratory isolates do replicate in
genome for amplification, using two gag-specific nested such cell lines. Consistent with this finding, the megakaryo-
pairs of primers. Although the d-globin gene, used as an cytic CMK and DAMI cell lines were incapable of sustain-
internal standard, was detected in equal amount in each of ing HIV-WW replication. PCR amplification detected no
the amplification reactions, we found no HIV-specific se- HIV viral sequences in these cells after challenge with HIV-
quences in the DNA isolated from CMK, DAMI, H9, or WW, with the sensitivity of the PCR assay at I infected cell
U937 cells. Thus, the megakaryocytic CMK and DAM[ in 104 cells. Similarly. treatment with AZT to block replica-
cells were not permissive for HIV-WW and the megakaryo- tion did not protect the cells from the cytopathic effect of
cyte-specific cytopathicity of the virus was not the result of HIV-WW. Despite the absence of replication, the cyto-
viral replication. The sensitivity of the PCR assay was such pathic properties of HIV-WW were dramatic and specific
that I infected cell in I0W cells could be detected. Viral infec- for cells of megakaryocytic origin and not seen in cells of
tion, therefore, likely did not occur, or at least occurred T-lymphocytic or monocytic origin.
below this level of detection and would not explain the ob- There is considerable heterogeneity in cellular tro-
served cytopathic effects. The small amounts of HIV p24 pism,1&2

2.3
39 cytopathicity.2 '4°"4' and kinetics of replica-

antigen detected early in culture thus represented residual tion2
'
1 23'41 among the various strains of HIV. Although the

inoculum. viral gene products nef, tat, vif. vpr. vpu. and vpx may play
The binding of the viral envelope glycoprotein to the cel- an important role in controlling infectivity and viral replica-

lular CD4 receptor is a first and critical step in HIV infec- tion, mounting evidence points to the envelope glycopro-
tion. We therefore investigated whether anti-Leu3A, a tein as a key determinant ofcellular tropism and cytopathic-
CD4-specific monoclonal antibody, could inhibit HIV- ity.28

.
2 9 42"47 Arguably. a low level of HIV envelope

WW cytotoxicity by blocking the binding of gp 120 to the components may have been retained in the filtrated viral
N-terminus of CD4. Cells were preincubated with antibody inoculum and, indeed, we observed that, although cell via-
(5 ,g/mL) before inoculation with virus. Anti-Leu3A mono- bility was restored to a great extent. cytopathic effects were
clonal antibody did not abrogate HIV-WW-induced cyto- not entirely abrogated after filtration. We found, as well.
toxicity in CMK or DAMI cultures (Fig 6A and B). In con- that HIV-WW-induced cytopathicity in megakaryocytic
trast, 90% of the cells were viable in control mock-infected cell lines was not abrogated by anti-Leu3A monoclonal an-
CMK cultures with or without anti-Leu3A antibody. These tibody, thereby indicating that the domain of the HIV gp
findings indicate that the gpl20 epitope that binds to the 120 envelope protein that binds to the N-terminus of CD4
CD4 N-terminus was not a determinant in HIV-WW cyto- was not involved in this phenomenon. Recently, regions of
toxicity to megakaryocytic cells. Moreover, binding to the gp120 distinct from the CD4-binding domain have been
CD4 N-terminus was not sufficient in itself to trigger mega- shown to be critical in determining cell tropism, thus sug-
karyocytic cell death, because binding with anti-Leu3A an- gesting that interactions between several distinct envelope
tibody to CD4 did not result in cytotoxicity. domains may be necessary for viral entry. Identification of

the molecular determinants of viral phenotype is essential
DISCUSSION to an understanding of the pathogenesis of HIV. To this

Impaired megakaryocytopoiesis may be a contributing end, we have constructed a genomic library from HIV-WW
factor to the thrombocytopenia associated with HIV infec- infected PBMCs to isolate a clone of this novel HIV strain,
tion. The presence of the HIV genome in bone marrow Studies of its genotype and, in particular, a detailed analysis
megakary --tes of some seropositive patients has been re- of the sequence and structure of its envelope glycoprotein
ported.'` .1nrmary marrow megakaryocytes have a life should provide insights into the mechanism of its cytopa-
span of a few days in culture, thus limiting the feasibility of thicity for megakaryocytic cells. Moreover, these studies
studies of HIV infection in primary cells. Therefore. experi- may show megakaryocyte surface structures distinct from
ments have been performed in cell lines of megakaryocytic CD4 that specifically interact with components of the viral
lineage to establish a model of retrovirus-megakaryocyte in- envelope.
teractions."--" However, such studies have been performed
to date using laboratory strains of HIV. such as HIV-I IIIB ACKNOWLEDGMENT
and HIV-2 ROD. The properties of laboratory strains of We thank Dr S.M. Greenberg for providing us with DAMI cells
HIV may differ significantly from primary isolates, as was and Dr T. Sato for CMK cells. We are grateful to H. Chhay and Dr
recently shown by the failure of soluble CD4 to neutralize R.A. Byrn for their assistance.
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ABSTRACT

Objective: To determine if the early-acting hematopoietic

growth factors stem cell factor (SCF) or interleukin-3 (IL-3)

are capable of overcoming the bone marrow suppressive effects

of cytokines or drugs involved in the hematologic

abnormalities accompanying HIV-1 infection.

Design: In vitro colony formation assays of normal human bone

marrow cells exposed to the myelosuppressive medications

zidovudine (ZDV), interferon alpha (IFNa), ganciclovir (GAN),

or the myelosuppressive cytokines tumor necrosis factor-alpha

(TNF) or transforming growth factor-beta (TGF) implicated in

HIV dysmyelopoiesis.

Results: SCF (10 ng/ml) was capable of enhancing the numbers

of erythroid (BFU-E) colonies in the presence of ZDV or GAN (p

< .05) and myeloid (CFU-GM) colonies in the presence of GAN or

IFN (p < .05) relative to controls. IL-3 (10 ng/ml) also

improved erythroid colony numbers in the presence of ZDV (p <

.05) and CFU-GM in the presence of IFN (p < .05). Neither

factor consistantly altered the inhibition of TGF or TNF. The

50% inhibitory concentration (ICv) of the myelosuppressive

agents was altered in only one setting: by IL-3 in the

presence of ZDV.

Conclusions: These data suggest that SCF or IL-3 may have a

therapeutic application in overcoming hematopoietic

abnormalities associated with drugs commonly used in the care

of AIDS patients. In contrast, they may have less capacity to
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overcome the bone marrow inhibitory effects of the endogenous

cytokines TNF and TGF.

INTRODUCTION:

Decreased blood cell counts are commonly observed in HIV

infected individuals and are the dose limiting toxicity of several

important therapeutic agents used in the treatment of AIDS

patients. The myelosuppressive drugs ZDV, GAN or IFNa are often

administered daily and for prolonged periods (unlike the

intermittant use of cancer chemotherapy). Agents which may

mitigate the myelosuppressive effects of such drugs should

therefore have the capacity to overcome their toxic effects when

concurrently present. To that end, we have investigated the

hematopoietic stimulatory activity of two growth factors with

activity early in the hematopoietic cascade, SCF and IL-3, in the

presence of ZDV, GAN or IFNa. We have also studied the effects of

SCF or IL-3 on in vitro hematopoiesis in the presence of two

cytokines postulated to be myelosuppressive and inappropriately

produced in HIV disease, TNF and TGF.1,3  These factors would

similarly be expected to be present concurrent in with the

stimulatory growth factors if the latter were to be used as

therapeutics.

Human SCF, also known as c-kit ligand, has a wide range of

biological activities most notably within the hematopoietic system.

4-10 Although alone it has only minimal effects on cell number, SCF

in combination with other hematopoietic growth factors is a potent
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stimulus for myeloid, erythroid and lymphoid cell proliferation.

IL-3 also acts on early bone marrow progenitor cells, but at a

later stage of hematopoietic differentiation than SCF. Unlike SCF,

it is capable of stimulating the proliferation of blood cells when

used as a single agent. The differences between these early acting

factors may result in different effects on blood cell progenitors

in the presence of myelosuppressive agents and suggest applications

for their ultimate use in clinical care.

MZTHODS:

Cells: Human bone marrow cells were obtained from normal

volunteers using protocols approved by the Institutional Review

Board of the New England Deaconess Hospital. Light-density

mononuclear cells (MNC) were collected following density

centrifiguation over Ficoll-Hypaque gradients (Pharmacia,

Piscataway, NJ). Cells were washed twice in Iscove's Modified

Dulbecco's medium (IMDM)(Gibco Laboratories, Grand Island, N.Y.)

supplemented with penicillin (250U/ml), streptomycin (250mcg/ml)

and 20% fetal calf serum (FCS) (JR Scientific, Inc, Woodland, CA).

Bone marrow cells were incubated overnight on tissue culture dishes

and nonadherent cells removed and washed in IMDM.

Drugs and Cytokines: Recombinant human SCF (2.3 mg/ml) and

recombinant human IL-3 (2.2 mg/ml, >10U/mg) were provided by Amgen,

Inc. (Thousand Oaks, CA). Zidovudine (Burroughs Wellcome Co,

Research Triangle Park, NC) at 20uM was diluted in phosphate

buffered saline (PBS). Ganciclovir (Syntex, Palo Alto, CA) was
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reconstituted in PBS at lg/ml. Recombinant human interferon

alpha-2a was kindly provided by Roche Pharmaceuticals (Nutley, NJ)

at 107U/ml. Human transforming growth factor beta-1 (R & D Systems,

Minneapolis, MN) was diluted according to manufacturer's

recommendations and used at 10ng/ml. Recombinant human tumor

necrosis factor alpha was kindly provided by Genetics Institute

(Cambridge, MA) and diluted to 100ug/ml in PBS. These agents were

added to the bone marrow cultures at varying concentrations as

indicated below.

Bone marrow colony assays: Light-density adherent bone marrow

cells were cultured at a concentration of 5 x 0lcells/ml in iml of

semisolid methycellulose matrix consisting of 0.9% methylcellulose,

IMDM with 30% FCS, 0.8% deionized bovine serum albumin (Sigma,

fraction V), 104 mol/L 2-mercaptoethanol, recombinant human GM-CSF

(kindly provided by Genetics Institute) at 1.8nmol/L and

recombinant human EPO (kindly provided by AMGEN), at lU/ml. The

cells were cultivated at 37°C and 5% CO% for 14 days and colony

number scored. Experiments were performed 3-4 times each with each

sample performed in duplicate.

Statistical analyses were performed using two-sided student's

t test. Differences were considered significant when a p < .05 was

achieved at all dose levels of inhibitor tested. ICO was derived

by linear regression analysis using mean colony numbers; standard

error of ICvwas calculated using data from three independent

experiments.
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RESULTS:

Addition of SCF to human bone marrow cultures increased the

number and size of erythroid (BFU-E), myeloid (CFU-GM) and mixed

lineage (CFU-mix) colonies (2.9, 1.3 and 2.7 fold respectively; p

< .05). In contrast, IL-3 increased CFU-GM (1.5 fold; p < .05),

but provided no significant additional support of BFU-E or CFU-mix

when added in comparable concentrations.

ZDV added to marrow cultures at concentrations similar to

clinical serum levels, suppressed BFU-E and CFU-GM in a dose

dependent manner (Figure 1). In the presence of SCF, there was

significant improvement in the ZDV-induced suppression of erythroid

colonies; myeloid colonies increased, but did not achieve

statistical significance. The percent suppression of either colony

type by ZDV was not statistically significantly different comparing

SCF treated cells with no SCF controls and the derived IC5 of ZDV

was unaffected by the presence of SCF (Table 1).

IL-3 (10 ng/ml) significantly increased BFU-E in the presence

of ZDV, but did not affect the number of CFU-GM. The ICO of ZDV

was significantly improved by IL-3 (0.5 +/- O.luM versus 1.0 +/-

0.2uM ZDV; p < .05).

GAN at concentrations of 0.1ug/ml, 0.2ug/ml or lug/ml

(concentrations obtained in vivo) suppressed erythroid and myeloid

colony numbers in a dose related manner (Figure 1). Compared with

controls, SCF (long/ml) was able to significantly increase the

numbers of erythroid or myeloid colonies (p < 0.05). IL-3 did not

induce any significant alteration of either erythroid or myeloid
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colony number. GAN IC, was not significantly altered by either SCF

or IL-3.

IFNa reduced BFU-E and CFU-GM; SCF and IL-3 were capable of

improving CFU-GM colony numbers, but neither significantly altered

the numbers of BFU-E nor the IC5 for either colony type.

Both TGF and TNF induced a dose related decrease in erythroid

or myeloid colonies which neither SCF nor IL-3 affected in a

statistically meaningful way.

DISCUSSION:

The studies reported here provide an in vitro assessment as to

whether the bone marrow suppression observed in HIV infected

individuals, due to either specific drugs or endogenous

dysregulated cytokines, may be ameliorated by administration of the

growth factors SCF or IL-3. These factors are of particular

interest because they act early in the differentiation of

hematopoietic cells and may enhance the multiple different cell

lineages often suppressed in HIV-l infection.

SCF was able to increase colony numbers in the presence of

myelsuppressive drugs (ZDV, GAN, IFN), but did not improve colony

numbers above contrul when the suppressive cytokines TNF or TGF

were present. Even in the setting in which SCF was capable of

increasing colony numbers (ZDV, GAN or IFN) there was no consistent

effect on the IC50 of the inhibitory factor. These data contrast

with Miles Pt al. who detected a SCF dependent change in the IC50 of
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ZDV. However, their IC5 appeared to vary based on the

concentration of erythropoietin in the culture conditions, possibly

accounting for the differences in our data."

IL-3 stimulated increased numbers of CFU-GM under control

conditions and in the presence of IFN, but not in the presence of

ZDV, GAN, TNF or TGF. The numbers of erthyroid colonies were

improved in the presence of ZDV and the IC50 significantly increased

suggesting some protective effect of IL-3 on the toxicity of ZDV.

Alterations in the cellular handling of thymidine analogues by IL-3

have been noted by others12 and may contribute to the effect we

observed.

Other than the effect of IL-3 on ZDV suppression of BFU-E,

neither IL-3 nor SCF were capable of affecting the IC50 and,

therefore, the sensitivity of blood cell progenitors to the

inhibitory drugs. Rather, it may be that the effect of SCF or IL-3

is simply to improve the overall cell number to an extent that even

in the presence of suppressive agents, a significantly higher

number of colonies remains.

In the presence of the inhibitory cytokines TNF or TGF,

neither SCF nor IL-3 were able to significantly improve the colony

numbers. These data suggest mechanisms of myelosuppression by TNF

and TGF distinct from those mediating the inhibitory effects of

ZDV, GAN of IFNa. TNF and TGF appear to dominantly alter cellular

proliferative responses to SCF, IL-3, GM-CSF or EPO rendering the

cells less responsive to these stimulatory signals.

The experiments reported here suggest that SCF or IL-3 have
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potential therapeutic roles in overcoming the hematopoietic

abnormalities associated with certain myelosuppressive drugs

commonly used in the care of HIV infected patients. In contrast,

these factors may be less able to overcome marrow dysfunction

induced by the endogenous inhibitory cytokines, TNF and TGF. The

extent to which the inhibitory cytokines play a role in the

clinically observed hematopoietic abnormalities of HIV disease

remains to be determined and the potential role for these two early

acting hematopoietic growth factors in the care of these patients

requires further study.
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FIGURE LEGENDS

Figure 1: BFU-E (left column) or CFU-GM (right column) in the

presence of ZDV (0, 0.05, 0.1 and 1.OuM), GAN (0, 0.1, 0.2 and

1.OuM), IFN (0, 100, 1000 and 5000U/ml), TGF (0, 0.04, 0.4, 2.0

ng/ml) or TNF (0, 0.4, 4.0 and 20 ng/ml) and control, SCF (10

ng/ml) or IL-3 (10 ng/ml). Data presented are the mean and SE.
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ABSTRACT

Ceramide, an intracellular lipid mediator of tumor necrosis factor

alpha (TNFa) action, was studied for its effects on the expression

of the proviral Human Immunodeficiency Virus type 1 genome in

latently infected myelomonocytic cell lines U-1. and OM-10.1.

Ceramide treatment resulted in a 20 to 100-fold enhancement of HIV

production in these cells. Ceramide also enhanced the expression of

the chloramphenicol acetyltransf erase gene directed by a Human

Immunodeficiency Virus type 1 Long Terminal Repeat in transfected

U-937 cells, indicating that ceramide acts at the level of viral

transcription. These observations suggest that the TNF-ceramide

signalling system may be involved in the regulation of HIV

expression in certain myeloid cell types.
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INTRODUCTION

Ceramide is a recently recognized intracellular lipid second

messenger formed from sphingomyelin by the action of a receptor

activated sphingomyelinase upon stimulation of various cell types

by gamma-interferon, 1,25-dihydroxy-vitamin D3 or tumor necrosis

factor alfa (TNFa) (1-9). The ceramide generated within the cell

participates in signals related to cell differentiation or

apoptosis (10,11). These effects can be experimentally obtained by

the exogenous administration of ceramide (10-13).

Since both TNFa and 1,25-dihydroxy-vitamin D3 are potent

inducers of the expression of the proviral HIV genome, and this

induction could involve ceramide as an intermediary (8,9,13-

22,24,26), we decided to study the direct effect of exogenous

ceramide on the expression of HIV. We examined as models of

ceramide modulation of HIV expression two latently infected

myelomonocytic cell lines, (U-1. and OM-10.1). The noninfected

counterparts (U-937 and HL-60, respectively) of these lines are

relatively well characterized in terms of ceramide signaling (2-

5,11,13). The U-1. and 0M-10.1 cell lines produce little or no HIV

under basal conditions but significant levels of virus after

simulation (15,21,23,25), and therefore are of value in assessing

the role of signal pathways in the induction of viral gene

expression.
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MATERIALS AND METHODS

Cells

The U-1= cell line was obtained from the AIDS Research and

Reference Reagent Program, National Institute of Health. The OM-

10.1 and U-937 cells were obtained from the American Type Culture

Collection. The cells were cultured in HEPES buffered RPMI-1640

medium (Gibco) supplemented with 10 % heat inactivated fetal calf

serum (HyClone), penicillin, streptomycin, glutamine, sodium

pyruvate, MEM nonessential amino acids and glucose.

Chemicals

C-2 ceramide (N-acetylsphingosine, from Biomol Research

Laboratories, Inc.), was added to the culture media from a 0.1 M

solution in dimethyl-sulfoxide (DMSO) with vigorous agitation,

immediately before the addition of the cells. The concentration of

DMSO diluent was less than 0.1% in the experiments, was included in

appropriate control experiments, and did not interfere with the

assays. Recombinant human TNFa was obtained from Genzyme. Initial

cell densities in each experiment were adjusted to 5x10'cells per

ml. Cell counts and viability were determined using a hemocytometer

and the Trypan-blue exclusion technique.

Virus quantitation

HIV-1 production was assessed by quantitating core p24

concentration in culture supernatants using the DuPont HIV-1
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antigen capture ELISA system according to the manufacturers

instructions. Samples were assayed in duplicate. Indirect

immunofluorescence staining of methanol fixed cells was done using

human HIV positive serum and anti-human IgG-fluorescein-

isothiocyanate conjugate as previously described (27).

Transfection of U-937 cells

The pU3R-III CAT plasmid (28) was modified by insertion of the

hygromycin-B-phosphotransf erase gene, obtained by PCR amplification

from the plasmid pREP4 (Invitrogene, San Diego, California) into

the single XhoI site (pU3R-III CAT/h) as described in (28). Stable

introduction of this expression vector into U-937 cells was

accomplished by electroporation. Briefly, 1.5x107 cells were washed

with PBS, resuspended in 500 Al PBS, 30 Mg plasmid was added and

the cells were electroporated on ice in a disposable

electroporation chamber by a Cell Porator instrument (Gibco) at 300

V, 1180 AF. After ten minutes on ice the cells were grown in RPMI-

1640 medium (Cellgro, Mediatech) containing 10 % fetal calf serum,

penicillin, streptomycin and glutamine for 24 hours. Selection of

stable transfectants was done by culturing the cells for 5 weeks in

the above medium supplemented with 400 U/ml Hygromycin-B

(Calbiochem).

Chloramphenicol acetyltransferase assays

CAT assays were performed by standard methods (29). Briefly,

pU3R-III CAT/h transfected U-937 cells were resuspended in
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Hygromycin-free medium at an initial density of 5x105 cells/mi and

stimulated with warious concentations of ceramide. After five days

the cells were harvested, washed with PBS and cell counts and

viabilities were determined. Cells were than resuspended at a

density of 2x107 cells/mi in 250 mM Tris/HCl pH=8.3, frozen and

thawed four times and the obtained cellular lysate was centrifuged

at 10 000xg at room temperature for ten minutes, incubated for ten

minutes at 60 0C and centrifuged as above. CAT assays were done at

37 OC by mixing 0.05 gCi a- 14C-chloramphenicol with cell lysate

corresponding to 1x10 6 cells in 170 gl of 250 mM Tris/HCl pH=8.3

containing 0.5 mM acetyl-coenzime-A, as in (28,29). After 30

minutes the reaction was terminated by the addition of 500 gl

ethyl-acetate and the acetylated chloramphenicol forms were

resolwed by thin layer chromatography on IB2 silica plates

(J.T.Baker) with chloroform/methanol 95:5 as a developing solution.

Plates were than autoradiographed, acetylated and nonacetylated

chloramphenicol forms were cut out and counted in a beta liquid

scintillation counter. Data presented in this report represent at

least three separate experiments.
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RESULTS

Consistent with previous studies on non-infected cells (10-

12), ceramide induced a dose-dependent inhibition of cell

proliferation (Fig. 1 panel B). This was not accompanied by marked

cell death during a four day incubation period (Fig. 1 panel C), as

cell viability remained higher than 85 % throughout the experiment.

The concentration dependence of cell growth inhibition observed

here is in accordance with previous experiments reported by others

on noninfected cells (1). The growth stasis induced by 50 AM

ceramide was accompanied by an approximately 30-fold increase in

HIV production by the U-1O cells (Fig.1 panel A), as judged by the

measurement of culture supernatant HIV-1 p24 concentration.

The time course of the effect of ceramide on latently HIV

infected cells is shown on Fig. 2. In this experiments the cells,

at an initial density of 5x105 /ml, were treated with ceramide or

DMSO control medium and cultured for 5 days. Cell densities were

kept below 2x106 throughout the experiment by addition of fresh

medium containing ceramide or DMSO diluent. As shown on Fig. 2

panel C, 50 AM ceramide caused an initial arrest of growth. In

parallel, a 20 to 100-fold enhancement of HIV production was seen

in both myelomonocytic cell types used (Panel A and B). Consistent

with previous reports on the induction of apoptosis by ceramide in

HL-60 cells (11), this was accompanied by marked cell death after

4 days in the case of OM-10.1 cells (Panel D). The induction of HIV

production by ceramide was accompanied by a significant increase of
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the percentage of cells staining positive for HIV antigen

expression by immunofluorescence, with increases from 0.01 % to 7-

10 % and from 5-15 to 50-60 % for the U-1m cells and OM-10.1

cells, respectively (Fig. 3). These data demonstrate that ceramide

acts by inducing the expression of HIV by latently infected cells,

rather than by increasing the production of HIV by a small

constitutively expressing subpopulation present in the culture.

To assess if ceramide's effect is due to direct activation of

the LTR directed transcription of the HIV provirus or is the result

of posttranscriptional effects, we studied the expression of the

bacterial chloramphenicol acetyltransferase (CAT) gene directed by

an HIV LTR in transfected U-937 cells exposed to ceramide. As shown

in Fig. 4, ceramide induced a concentration dependent enhancement

of the HIV LTR driven transcription of CAT, as determined by

chloramphenicol acetyltransferase activity measurments. This

indicates that ceramide acts by enhancing viral transcription. This

observation is consistent with previous reports in which ceramide

activated NFKB, an important, though not exclusive activator of HIV

transcription. (30).
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DISCUSSION

TNFa induces HIV provirus expression in various cell types,

including those of the myelomonocytic lineage (15,16,21). It has

also been observed that TNFa induces increases in cellular ceramide

levels, and that inhibition of proliferation and induction of

apoptosis by TNFa can be mimicked by ceramide (8,10,11,26). Thus,

it has been , istulated, that TNFa action is mediated by ceramide

(8,11,26). We have extended these observations and now show that

exogenous ceramide activates HIV expression by inducing cells to

switch from latent to productive infection. This provides direct

support for the model that the HIV inducing effect of TNFa occurs,

at least in part, via the ceramide signalling system and involves

the stimulation of LTR directed HIV gene transcription.

When the effects of ceramide on HIV expression were compared

to that of PMA or TNFa we found ceramide stimulation to be 3-6 fold

less potent than the other agents (Results not shown). This could

be due to difficulty in cell penetration by ceramide. This

hydrophobic molecule may associate primarily with extracellular

proteins present in the culture medium (1), may insert into the

plasma membrane and fail to equilibrate with the cytosol, or may be

metabolized within the cell. Alternatively, the ceramide pathway

may be only one of several intracellular signalling pathways

triggered by TNF receptor activation. TNF receptor triggering may

activate the ceramide and protein kinase-C mediated pathways

simultaneously (8), resulting in higher stimulation than that
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observed with ceramide alone.

Since increased cellular ceramide levels have been reported

during the course of acute HIV infection (22), ceramide signalling

may be involved in a positive feedback regulatory system of HIV

expression. This system, similar to that described for TNFa

(16,21) may represent a potential target for novel pharmacological

strategies designed to reduce production of the retrovirus.
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LEGENDS TO FIGURES

F~ig. 1.

Concentration dependence of ceramide action.

U-l mcells at a density of 5x10 5 cells per ml were incubated in the

presence of various concentrations of cerazide and viable cell

number and supernatant HIV p24 levels were determined at day 4.

Panel A: HIV-1 p24 production.

Panel B: Viable cell counts.

Panel C: Cell viability.

Fig. 2.

Time course of HIV expression by ceramide treated cells.

Panel A: HIV-1 core p24 production by U-Il cells. : control,

: ceramide treated cells.

Panel B: HIV-1 core p24 production by OM-10.1 cells treated with 50

AM ceramide. : control, : ceramide treated cells.

Panel C: Relative cell growth in the absence or presence of 50 AM

ceramide. and : OM-10.1; and : U-l=

cells. Open symbols represent controls, full symbols represent

ceramide treated cells. Initial cell density : 5x10 5 cells/ml.

Panel D: Cell viability in the absence (open symbols) or presence

of 50 MM ceramide.

Fig. 3.

Immunofluorescent staining of control (A) and (C), and ceramide
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treated (B) and (D) cells (day 5, 50 AdN ceramide) vith HIV positive

serum. (A) and (B): U-l. cells, (C) and (D) : O-10.1 cells.

Fig. 4.

Enhancement of CAT transcription driven by the HIV LTR by ceramide.

U-937 cells transfected by the pU3R-III CAT/h plasmid were exposed

to increasing concentrations of ceramide, DMSO vehicle or PIA as a

positive control and CAT activities were determined at day 5.

Ceramide induced a dose dependent increase in CAT activity.
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